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Abstract. Results on light scalar mesons in charmed particle decays studied by the CLEO Collab- 
oration at the Cornell Electron Storage Ring are reviewed. 
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^ ; 1. INTRODUCTION 

TT'! The CLEO Collaboration, working at the Cornell Electron Storage Ring (CESR), has 

(D I performed studies of charmed meson and charmonium decays, whose three-body final 

p ,■ states will yield rich information on low-mass scalar resonances once fully analyzed. 

^ ! We have observed the /o(980) and ao(980), broad S-wave amplitudes "(7(600)" and 

''[ "k"(800)" in TtTt and Kk, and evidence for /o(1370) — > KK. Data sets include open 

charm production near 10 GeV, 27.5 million ^f{2S) as a source of Xc states and about 6 

^ ■ million tagged 7t^7t^J/\]/, 818 ± 8 pb^^ at i//(3770) leading to more than 5 million very 

C^ ! clean DD pairs, and about 600 pb^ at 4170 MeV, yielding about 570 thousand D^Ds 

^ I pairs. Production mechanisms can affect the determination of resonance parameters 

O ' (especially for broad states). In this report we give some examples of CLEO's results 

t:;J-' ! on scalar mesons obtained from charmed meson and charmonium decays. 

o: 

oo . 

p. 2. EXAMPLES OF CHANNELS 

>'■ 

^^ . CLEO has data on a wide variety of three-body charmed meson and charmonium decays . 



H ' These include the following: 



D+ — i> K n^n^ yj]: Is there a k" in the low-energy Kk S wave? 

D^ -> KsK+K': CLEO's sample of 9 fb ^ near 10 GeV needed no a, k: H but 

BaBar [3] and Belle [4] have m{oi) ~ 500 MeV, m{o2) ~ 1037 MeV. 

D^ —>■ Tt^Tt^Tt^ is dominated by p^,p^ bands [5]. 

D+ -^ n^K^K^: scalars appear to be important [6]. 

/)0 _^ K+K n^: A Kn S-wave amplitude is needed 10] ■ 

Z)0 -^ Ksrin^: ao(980), i^*(892) are seen M\- 

D+ -^ K K+7t^: a K 7t+ S-wave (e.g., the LASS amplitude (^) is important. 

dO ^ Ksn^n^: Subsystems include i^*(892), /o(980), /o(1370), i^*(1680) M\- 

Xci -^ rin+n- involves ao(980),/2(1270), and a (500liyci -^ {K+K~n^, n^K^Ks) 



involves ii:*(892), K*{IA30), if|(1430), and ao(980) UM. 
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FIGURE 1. 

From Ref. Il 



Left: Dalitz plot for D^ 



K n^n^; right: amplitude and phase of / = 1/2 Kn S wave. 



3. D+ ^K-7i+7Z+ 



Z)+ candidates for K^n^n^ are selected on the basis of energy and momentum conser- 
vation. The sample based on 572 pb^^ (about 2/3 of the final total) uM, superseding an 
earlier one [1] based on 281 pb^^, contains 140793 events with a small background of 
1.1%. The largest previous sample was ~ 15,000 events from Fermilab E791 [13]. 

The CLEO Dalitz plot for D+ -^ K~n^n^ is shown in Fig. \T\ The enhancements on 
the opposite sides of the ^* (892) band for high and low m^ {Kn)high indicate interference 
with an amplitude of opposite parity to K* (892) (likely an S wave). Several fits all have 
a prominent low-m(^;r) S-wave amplitude. A quasi-model-independent partial wave 
analysis (QMIPWA; cf. uM) has a fc-like behavior, but displaced in overall phase. 

In fits to the Dalitz plot, a K pole position depends on whether its Breit-Wigner width 
r is constant or energy-dependent. The QMIPWA determines the S-wave Kn amplitude 
and phase for 26 m^{KTt) bins; the result resembles the K + nonresonant amplitude 
obtained in other fits. A high-m(;r;r) contribution from an I-^^ = 2 amplitude, perhaps 
due to Tt^Tt^ -^ P^P^^ is required for a good fit. In fits with a K, the S-wave phase does 
not go through 90° exactly at the resonance mass. When k is represented by a complex 
pole (equivalent to a constant Breit-Wigner width), the ktt^ fit fraction is ~ 20%. 

Scalar strange resonances couple much more strongly to Krj' than to Krj UM- In a 
limit (corresponding to a particular octet-singlet mixing) where f] ^ {uU + dd — ss)/V3; 
rj' ~ {uu + dd + 2ss)/y/6, the contributions of strange and nonstrange quarks in 7] cancel 
exactly in Kq — > Krj while they add constructively in Kq -^ Krj'. This is the same 
physics that favors B -^ Krj' over B -^ Krj. The pattern would be reversed for vector 
strange resonances. Thus ^q(1430) should be strongly associated with the nearby Krj' 
threshold; the Kn S wave should become inelastic only above this energy. One then 
might expect a zero (a manifestation of the Ramsauer-Townsend effect!) in the scalar 
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FIGURE 2. (a) Dalitz plot for D" ^ K+K^nP and projections on (b) m|+ o; (c) m|_ „; (d) w|+^_ 
From Ref. \M. Curves denote a fit with K* (892), 0, and nonresonant S wave. 



7=1/2 Kn amplitude below ^"0(1430) if a low-mass K exists. 

CLEO and E791 find the i^^(1430) heavier (m ^ 1460 MeV) and narrower (F ~ 175 
MeV) than the PDG world average from 2006 ^ (1414±6 MeV, 290±21 MeV, 
based mainly on elastic Kk scattering [9]). BBS [16] find a scalar Kk resonance in 
XcQ -^ 7t+K K+K with m = (1455 ±20± 15) MeV, T = 270±45+^J MeV. 



4. D^ ^K+K'Tl^ 

A sample of 735 D*^ -^ K^K TZ^ candidates was obtained with the CLEO III detector 
using 9.0 fb^ at 10.58 GeV The corresponding Dalitz plot and its projections are 
shown in Fig. |2l One sees opposite signs of the interference between K^ and a large 
S-wave amplitude (typical fit fraction 20-40%), implying opposite relative phases for 
Z)° -^ {K*+K , K* K+). Although the Kk S wave is appreciable, one cannot tell if it 
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FIGURE 3. Left: (a) Dalitz plot for D" 
m^_ projection. Right: Dalitz plot for D+ 



TT+TT nP\ (b) m^^ projection; (c) ni\+j^- projection; (d) 
^ n^n^n^ . The dark vertical band is due to Ks -^ n^n^ . 



is resonant. A curious dip in m{KTt) occurs around 1 GeV. Could this be a Ramsauer- 
Townsend zero between a k and K^ (1430) ? The BaBar Collaboration [[13] has > 1 1 , 000 
events in a 385 fb^^ sample, with no dip seen. 
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5. D'^^n+n-n'^y^.D 







n K^K~ 



CLEO D^^K 

data are based on 281 pb 



n ;r^ data are based on 9 fb ^ near 10 GeV [5], while D 



Their Dalitz plots are compared in Fig. |3l While D^ -^ Tt^K Tt^ is dominated by p^ '^^ 



sample (about 1/3 of the final total) at the V/(3770) |@]. 

D^ -^ n^n^n^ can have only p^, not produced by the charged weak current, so it is 
not surprising that the scalar fit fraction is larger in this decay. For D*^ it is found to be 
< 4%; for D+ it is 40-80%. 



6. D^ 



KsTZ^TZ^ 



A preliminary analysis of D'^ -^ KsTt^n^ based on 281 pb ^ taken by CLEO at 
\]/{3nO) ilu] obtains fit fractions in the Dalitz plot [Fig. |4l showing m^(;r^;r^) vs. 
m^{Ks7t^)] of (54.2±5.4±3.0±5.0)% for if*(892), (9.0±3.2±0.9±2.7)% for /o(980), 
(23.8±7.1±4.7±8.6)% for/o(1370), and (11.4±2.7±2.1±3.2)% for a if*(1680) with 
spin 1 . Judgment on a low-mass a awaits analysis of the full 8 1 8 pb^ ^ data sample. 
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FIGURE 4. Dalitz plot for D" -^ Ks^'n' 
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FIGURE 5. Upper left: Dalitz plot for D" -^ Ksr\TiP; upper right: w?, q projection; lower left: m^ q 
projection; lower right: m\ „ projection. 
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FIGURE 6. Mass distributions for final states X in i/(25) —f jX. Left: X = n+n^T]; middle: X 
K+R-n^; right: X = KsK-ll+. 



7. D 



lO 



KsTin^ 



Published CLEO data on D^ ^ Ksr\Tt^ come from 9.0 fb^^ near the T(4S), yielding 
a signal of 155 ± 22 events. The Dalitz plot (Fig. [5]) is dominated by ao (980)^5 [fit 
fraction ^(1)]. The K*{%92)r\ fit fraction is ^ 30%. It would be interesting to compare 
D^ -^ Ksa^Q with D^ -^ K^a^ and D+ -^ Kgo^ . Related processes are D^ -^ k^n^, 
D^ — + K^Tt^, and D+ -^ k^n^ if k and aq belong to the same SU(3) multiplet. The 
V/(3770) data set will contain ~ 1200 KsTt^rj, ~ 8000 K n+rj, and ~ 5000 Ksn+rj. 



8. THREE-BODY ;^c DECAYS 

The transitions V^(25) —* yXcj (J = 0,1,2) were studied by CLEO, reconstruct- 
ing exclusive final states for 3 million V^(25) pilQ (24.5 million more V^(25) 
are under analysis). The signals are shown in Fig. [6l The three-body decays 
Xci -^ {ri7t+7t-, K+K 7t^, KsK^K^) have enough events (255+}^, 157 ± 13, 
and 249 ±16, respectively) for Dalitz plot analyses. In these channels Iim = in 
Xc\ -^ r\n^n~ and /^^ = 1 in x^i -^ {K+K^n^, KsK^n^). The analysis of the 3 
million V/(25) did not consider Xci polarization or interference between resonances, 
desirable features in analysis of the full sample. 



8.1. Xci ^ri 71+ 71 

The Dalitz plot for Xci -^ r\TZ^TZ^ and its projections are shown in Fig. |7J The fit 
fractions, in percent, are 75. 1±3.5±4.3 for flo(980)±;rT, 14.4±3.1±1.9 for /2(1270)?7, 
and 10.5±2.4±1.2 for or]. Here o is parametrized by a complex pole at (511±28- 
/102±50) MeV. The low-mass mz enhancement is visible both in the Dalitz plot and in 
the nP'^TZ^TZ^) projection. Flavor SU(3) would imply that Xc\ -^ ^K should be visible 
if Xc\ -^ (^0^ is so prominent. 
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FIGURE 7. (a) Dalitz plot for Xci — > rjTt'^Tt and projections on (b) »J^+^-; (c) »J^jj+; (d) nti^_. 
Main contributions to »J^+^- projection are (7 and /2(1270); main contributions to m^^± projections are 
ao(980)±. 



8.2. Xci -^ {K+K-7i^, KsK^Ti^) 



The Dalitz plots for Xd -* [K+R-n^, KsK^K^] 



and their projections are shown 



±7rT 



in Figs. [8] and [9l In analyzing them the / = channels of K^K tt and KsK^n 
related by isospin, have been combined. The fit fractions, in percent, are 31.2±2.2±1.7 
for K*{%92)K, 30.4±3.5±3.7 for K*{lA'iQ)K, 23.1±3.4±7.1 for Kl{lA'iQ)K, and 
15.1±2.7±1.5 for ao(980);r. The addition of a k" or nonresonant Kk S-wave doesn't 
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FIGURE 8. (a) Dalitz plot for Xci -^ K^K^n^ and projections on (b) nP^Of.-', (c) fn^^Of^+\ (d) m|+^_. 
Main contributions to in^g^ projections are K*{S92), /r2(1430), and Ao(1430); main contribution to 
m^+^_ projection is ao(980)''. 



improve the fit quality. However, account of interference might show a low-mass Kn S 
wave as in the analysis of D+ -^ K^Tt^e^Vg [|18J. 

For Xc\ -^ KsK^Tt^ one expects twice as many events as in Xc\ -^ K^K Tt*^, neglect- 
ing efficiency differences. In the full data set the expected sample of ~ 2000 Xc\ -^ 
rjn^Tr^ should permit a good determination of the "a" properties. We expect many 
other three-body Xcj final states to be reconstructed in the full CLEO V^(25) radiative 
decay sample. 
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FIGURE 9. (a) Dalitz plot for Xci -^ KsK^n^ and projections on (b) nr^±f,^\ (c) 'm^±^,; (d) rn'^f^±^ 
Main contributions are as in Fig. [8] 



9. CONCLUSIONS 

Charmed meson and charaionium decays can be a rich source of information on scalar 
resonances between pairs of pseudoscalar mesons. The data from CLEO show the 
potential of these channels. The ao(980) and /o(980) are without question in CLEO 
data; ^(800) and a(600) make sporadic appearances. Their inferred masses and widths 
depend on production channels and line shape models. Because of Bose statistics, the 
c {Iitn — 0) is easier to isolate than the k {Ikk = 1/2). Although not related to charm 



decays, it is notable that CLEO needs a C7 in describing T — > nn'^n'^v [19]. Tests of 
whether the ao(980) and /o(980) belong to a nonet with ^(SOO) and C7(600) are available 
in charmonium (e.g., Xc\) decays. We look forward to the realization of CLEO's ultimate 
potential for shedding light on scalar mesons with the analysis of the full data sets from 
V/(25), V/(3770), and £cm = 4170 MeV. 
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